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Navy Prediction Vision

* A high-resolution global coupled air/ocean/ice
prediction system.

* Very-high resolution regiona coupled models nested
Into the global system at strategic locations.




Objectives

Perform a two-decade spin-up of a high-resolution global
configuration of POP.

Perform a decade-long integration for the 1990’ s using high-
frequency NOGAPS surface forcing up to as close to real time as
possible.

Provide arealistic, high resolution global ocean state for:
Data assimilation and forecasting
Coupling with the ice and atmospheric models.
L ateral boundary conditions for regional models.
Realistic turbulence statistics for sub-grid eddy parameterizations
Ocean process studies
Push limits of state-of-the-art high performance computers



Approach:
Description of 0.1°, 40-level Global POP Spin-Up

Fully global displaced North Pole
grid (includes Arctic)

3600x2400x40 grid points
POP release 1.3

“"Natural’’ spin-up from rest:
Initialized from blended 1/8°
MODAS (January) and POLES
(winter) PT and S (Piacsek)
Topography: Sandwell and Smith
(71S-67N), IBCAO (66N-90N), &
BEDMAP (66S-79S).
Modifications to encourage more
realistic flow.

Synoptic surface forcing from
01/79-12/98.

KPP mixed layer

Biharmonic mixing, 6.3 min. time
step

Source code:
http://climate.acl.|lanl.gov

IBM SP3 @ NAVO: 500 procs. -44
model days/wallclock days

Evaluate boundary currents,
transports, overflows, water mass
characteristics, energy levels.

http://www.oc.nps.navy.mil/navypop


http://climate.acl.lanl.gov/

Fully Global Displaced North Pole Grid

= B Pole is rotated into Hudson Bay to
- o avold polar singularity. Highest
S horizontal resolution off east and
S west coasts of the U.S
ikt i ii'iﬁ!l
T Average Grid Spacing (km)
i s
G T
Average grid spacing is 12

kmto 2.5 km




Why such aresource-intensive global
ocean model ?

Ocean model must be capable of ssmulating high-frequency (daysto
several months) and short-scale processes (10-1000 km). Particularly,
the mean and varying surface/thermocline flows and thermohaline
structure of upper-ocean.

High vertical and horizontal resolution are required to produce
mesoscale variability and strong, narrow mean currents such as the
Gulf Stream.



2R60

L850

1660

1350

1040

460

150

190 450 ¥50 1050 1350 1650 1850 2250 2550 26850 3150 3450
X

SST (°C), 07/1983-07/1984






LATITUDE

LATITUDE

GOH

107N

=0°N

0=

2075

1

60°S

GON

L= M

20°N

205

1073

H4S

0K

S0*E

TOPEX /POSEIDON

130K
LONGITUDE

rop

L50~E
LOMGITHUINE

RMS S55H (om)

1L LO=

L 10=W

10=w

10~=W0

[= R P



19856

Maan vaciors:

i i

0.1=dagraa
Longitude: 2-degree bins

LT L

LR Ty

POP

s esubeap-g epnne



Pacific Ocean

Enst
ALE iralian
el

'-..'“_._"
140 150 E 16" 150 il -
- .

This iz a colour version of Figure 8.6 of Regional Oceanography: an Introduction by M, Tomezak
amd 5, 1 {_:-:11_|rr'|,':,- {Fl,'r'gilmlrdl. Press, Mew York |99, 422 Pl Qe -;,'|I|il|'|[|,‘l 8 of the texihook for mose
detail an what is shown in this figure



Labtude: 2-degres bins
&

3

=
Pl o |
B e
il R
ad
‘FI -
b i e A
- g
A e R e F
=g e e R
- e = . R S
= o P i
o fira —
o g, e, Ay i —m e =
o -‘-"-"'..:;—"l_-.,-.- LI —— by =
[ i e gt e e R i S —
—-:l::ﬁ . . = TR -
. e = 1.—-_.._.__,-.,--_ ..... B e SN S
a, T e e P . i LAl ey b o L et S e | AR
1_"':l'l_ i = b e L L g B o A ¥
. - |I-... w4 i~ Fam ] g s i s pd - a el
| 5 B B G W N, e e S o e ol o i N IR
.

i d
e g S e T Pl e T I e P Py BB L TP, P T R g S =)
= "__ + et v S fe, U Y T I TR et o, SR e S S T LR TN e
a .y -
¥

R __-.._': =
. - = e e e e e o R, e g o e e T R ..\_-\.-\_.._\_-._...\_,._h-.\,-\.-hl-\_\_..__.-_.."-_ ey
S |I %H‘_HM%“&%HLHLHEH—LE%ﬁﬂH%‘“‘H“H—H s o, By By W e e, Wy ey -‘I " "-I.-"
#
¥ S “r e T o e o e T P e T e e e B, el e F.
| gl e s o e T e P e e
L A g e T, BB T
] i - ‘ﬂ-f.-?-.-i-\_-a-h-hhl-\_‘x'xhh_‘n‘unhmﬂxmmhkt.-\.I-1|.||| L e Fa R e
+ *ﬂi s o maet e e m e
= & T " .

=3

Sl
et e i T S A e £ i e R T R L T VA a—-".-'-_-i--h.._p._r_"‘._.h_

4 o i vt i Gt o S & e %_ﬁﬁ
e L e L B e - SN Py

& —

1 - -t T R e e P "-i-'__q_..i:‘a-'_li_.r'.-\'._-',-' '.er‘_.ll,wl_\.?—r"'

: ' : ﬁl L = _-_-_'_‘_F‘-'_'_-Jd— -'--I-r—l-'-'i'-l'-'-l'—l‘l:—tﬁ_'_‘_ e T = el .;-i:lw:.f = ..-"_..d-..-:'-'-'_,..r.rﬂi'v_l..r i

! v - o

e e W _\l‘\_-'-frﬂ-——rrdrdra—uﬂfﬁrmwwﬂfﬂﬂﬁ'j-fffﬂﬂ T
rl tp_\ " 'ﬁi .‘-\,:‘r:l.r LT RS A A8 o e e i i o o e e v N
- - ." Rl b o o o e ittt SN I

o T— . i -"'"-i"'. Tl T e S il L g L S g 3 2 L S ol o R g S (T M g S II"'
SRR B 4 TR g i g i e g e g T
.‘{"- . |-|‘:|:;I'L-..-.-a-a.. T T I e i
o g ',-.|.|| S Al TR g Rl e g e o prEE . r A e e,
¥ ey Nk TS A g Al e e e s e o C

R A T T e S SR e I RN T e et e

e N =t " LT a 7 ik m E g § R T ¥ E 4 B R e B
oA B S AT iy ase ha S piet b ibaul iR Sl
“ g Faw A ‘__q_\_.-"_q_-:.\,-__._-__-.-.rl..,'-.,'____\-. fee - oy R B
N oo e o A R g it b b Lt b e PN
-y - oa iy Fem® j E g mmn B g g P e g g | o= e F b e e N

B P e T 5 P e e -y Il'h. i o A ..'\r
e o A i i iz "] Sy N el I e S T e X LR B
il e A e e R e o iy e s g e T i ol |
T i TFET I e B e PP Lo ol Yo S - e o T
i i o ) i ! ;JIJ = B S T S — RS FE et P
- — 5 - - ® i |l a G g it . o S a R
e ; G g n

P .

T e Bl - P T T R I S
rﬁ‘.\‘;"d;_.-.-a.--ri - b YF LN B G R
Y, - et R o e P A R e AR e
— =, e %

e i ::!l"-"h_._. 1 l;. T e e e
" .-"!l,.._.-"' .-F"_.,E' ).-" o P s i A L o e b
-"'":'-_-t"':.' g ﬂ ‘f}:xf. ey X 'l-.l_.___._._ _,.,_:-"- -\"'\-l"-\-.;::'a' ‘ "'|| T

-
gl b FI T o S e R s i | P ..J'_.'b., |.-"

100 120 180 200 220 2440 260 280
Longitude: 2-dagree bins




Latitude: 2-degree bins
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Sea Surface Height Variability (cm)
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Sea surface height variability (cm)
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Near Surface Speed
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This is a colour version of Figure 14.2 of Reglonal Oceanography: an Introduction by M. Tomerak
and 8. J. Godfirey | Pergaumoen Press, New York 19994, 422 p.). See chapler 14 of the testbook for mone
chetail on what is shown in this figure.
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Mass Transports (Sv) in the Antarctic Circumpolar Current




Mass Transports (Sv) through the Caribbean Sea and
Forida Straits for the first 8 years of the spin-up
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Global POP 0.1, 40-lev, Depth av. velocities top 50 m, 83—-85 mean
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Global POP 0.4, 40-lev, Depth av. velocities top 50 m, 85 mean
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MLD July IEDA Data MLD July O.1—deg POP Model Results
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Conclusions

Mean surface flows are well depicted.

Energy levels are somewhat too high in energetic flows,
still too low In basin interiors.

Kuroshio, ACC, and EAC better represented than in
coarser resolution POP

Transports are realistic.

Gulf Stream and North Atlantic Current are poorly
represented, due to set-up of polar currents.

Mixed layers are too deep at high latitudes.



W. Masowski, -
D. Marble, W. Walczowski W., D. Stark m

Naval Postgraduate School, Monterey, CA



O-km M odéel Results:

1. Implementation ofi the new |IBCAO bathymetry - Model Grid: 1280x720x45
2. |mplementation of the new (UW/PSC) hydregraphic climatology (PHC)

3. Addition ef firesnwater seurces frem river runeff (Y ukon, Mackenzie, and
Russian rivers)

4, |mplementation of numelical tracers for Pacific \Water, Atlantic \Water,
and river runoff

5. Completed 60-year Integration (with “eld" seaice medel) at ARSC:
- 27-year spinup with ECMWE-derived climatelegica ferncing
(1979-1993 mean daily-averaged annuall cycle)
- 6-year run with the repeated ECMWE 1979 annual cycle
- O- year run with the repeated ECMWIF 1979-1981 cycle

ECMWEF 1979-81 cycle |
- ongoing 1979-2002 interannual ssimulation — 1979-1990 compl eted



O-km M odéel Results - Continued:
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6. Development/implementation of the new seaice model (LANL/CICE):
- energy-conserving thermodynamics with: 5 categories, 4 layers per
category, snow layer, nonlinear T, S proefiles (Bitz & Lipscomb, 1999)
- EV P dynamics (Hunke andl Dukowiicz, 1997)
- 2-ID remapping scheme for horizontal ice transport (Lipscomi, 2001)
-1-D remapping|scheme for updating the thickness distriibution (LLipscomid
andlHunke; In prep)
- Sland alene and coupled versions with an interface to the NCAR
CCSM flux coupler
- Implementation on the glehal POP displaced North Pole grid
- MIPI parallelism
- online documentation @
http://www.acl.lanl.gov/climate/eclare/cicecode

7. Completed 20-year integration (ERDC) including a 10-year spinup and the
1979-1988 interannual forcing run forced with ECMWEF data

8. Coupling of the new sea ice model to the ocean model — ongoing

9. Assmilation of SMM/I-derived seaice drift data using Optimal
Interpolation (Ol)


http://www.acl.lanl.gov/climate/eclare/cicecode

Stand alone model paralléelization (ERDC-O3K):

4 300 21887 9834 /3 109.5 182.5
8 90 3378 1661 37.5 56.3 93.8
16 90 2109 1186 23.43 35.15 58.6
32 90 1439 904 16 24.0 40.0 €
64 90 741 449 8.23 12.35 20.6
128 90 418 214 4.65 6.98 11.62
256 1200 2470 1467 2.06 3.09 5.15

timestep = 2880 sec; daily-mean constant forcing




Results from the 9-km (NPS) coupled ice-ocean model
(with ‘old’ sea ice modél)

Daily =napshote of Hea Ice Concentration — PIP=3.0 Spinup Year 79 DAY = 001
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F00

¥ (iindex)

Daily snapshots of sea ice concentration (%) — 1979-1981



A snapshot of (a) ice area and drift, (b) divergence, (c) shear, and (d) vorticity- Spinup 06/01/79

Ik - = ™

gt L = ™
w1 G EEs WA L | .
L LW g T S
=
88 & il =0 M =
ke i
14
- - 1
= .
©o e 12
®
v
- ™
- [
-
-] b -18
B i
18
- -1
e
%
-
b 0 b=} -3
M
It
|
- v
L g -
i L
L T =
. . W
i - (L A
- L}
F 14
. e i =1 15
) % A
e
L ea
v L%
g . 1w
- |
J | L1y M
X =
» i -
] |
il
! an
L. " L oe— 1
B 1
i 18
£ 2 "
- T
i A
L
1 -a
i
. B -m
’ 2 .

o0 L " 700 wen

) q
i wiva palsd Ire sletr (i 70 - 0T & ERagabEt dhrivetks of vorueiny - ST



A snapshot of (a) ice area and drift, (b) divergence, (c) shear, and (d) vorticity- Spinup 07/01/79
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A shapshot of (a) ice area and drift, (b) divergence, (c) shear, and (d) vorticity- Spinup 08/01/79
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Multi-category Total and Fractional Sea | ce
Concentrations (%) — April 1, 1982

- otallceontraiin( - Ca 0 | 0_045 .. C r | 0_45-2
and Drfit (m/s oyiEes i :
: ‘.i'. __' - e /

Category |11 (1.2-2.2 m) Category IV (2.2-4.5 m) Category V (4.5-9.0 m)



Multi-category Total and Fractional Sea lce
Concentrations (%) — September 1, 1982
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An improved skill in modeling the evolution of first- and multi-year ice



Conclusions:

A regional/nested approach might be useful for realistic
representation of the Arctic seaice and ocean pProcesses in

global operational and climate models

o A regiona Arctic climate model (at sufficiently high
liesol utien) shoulld previde predictive capanility foer the
iegien at seasonal to Interannual scales

o Ensemidlie simulations of several anctic change Scenarnios
(e.g. warming, cooling, no change) could provide the Navy.
with critical predictions of possible environmental trends
currently defined based on “short/biased” data sets
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